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INSULATED WINDOW AND DOOR
OPENING ASSEMBLIES WITH
HIGH-DENSITY INSULATING CORES

BACKGROUND
1. Field of the Invention

The present invention relates to fenestration of buildings,
and more specifically, to window and door structures for
buildings.

2. Description of Related Art

In recent years, there has been a drive to make buildings,
such as residential homes, multi-family homes, condomini-
ums, and commercial buildings, more energy eflicient. One
strategy for reaching such a goal 1s to employ components
and features that make windows and doors more energy
cilicient. For example, one approach 1s to employ insulating
glass units (IGUs) to reduce thermal transier through glass
portions of windows and doors. An IGU 1s typically com-
prised of two or more glass panes and an edge seal member
that 1s disposed along the edges of the glass panes that seal
the gap, gaps, or airspace between the glass panes so that air
or a thermal 1nsulating gas, such as a noble gas (e.g., argon),
that 1s held 1n the gap, gaps, or airspace i1s sealed tightly so
that no air or gases escape.

Although the mncorporation of IGUs has improved thermal
clliciencies of at least the glass portions of windows and
doors, such solutions do not improve the overall thermal
efliciencies of the window or door frame structures that
surround the IGUs. For example, window and door assem-
blies (hereinafter “opeming assemblies”) are typically com-
prised of a jamb/frame (hereaiter referred to as “frame”), a
sash, and glass pane(s) or IGU that are designed to be athixed
to a building opening. Both the frame and sash of an opening,
assembly normally comprises of a number ol components,
including components that are often elongated (e.g., mul-
lions, bottom and top rails, jambs, tiles, sills, heads, and so
torth), as well as additional components having other form
factors that can be made from a variety of materials and that
are olten where thermal heat loss or transfer occurs. In
addition to wood, the most common types of materials used
to form such components are, for example, aluminum, steel,
or synthetics (e.g., PVC, fiberglass, other plastics) due to
their strength, durability, and low costs.

One drawback of employing components made of, for
example, aluminum, steel, or synthetics 1s that they are
generally not very good thermal insulators. To improve
thermal 1nsulating properties of opening assemblies contain-
ing such components, insulating foam such as polystyrene
and polyurethane foam are sometimes poured or injected
into the crevices and voids of the opening assembly and
allowed to cure 1n the crevices and voids. Once cured, these
insulating foams can form a low-density insulator with
insulating properties that improves the overall insulating
properties ol the opening assemblies. There are, however,
some drawbacks with such low-density insulators. As a
direct result of their low density, as well as the inconsistent
densities arising from the process of being injected or
poured 1nto the frame or sash structure and then cured within
those components of the window or door assemblies, these
low-density 1nsulators often have weak structural strength
and 1ntegrity, Because the components of window and door
assemblies have structural frames that are made of hard and
durable materials such as aluminum, steel, or synthetics,
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there has not been a need to incorporate into window and
door opening assemblies made of aluminum, steel, or syn-
thetics an insulator that has acceptable structural integrity
for certain applications.

Traditionally used to form the components of fenestration
assemblies (e.g., window or door assembly) 1s wood. Like
opening assemblies made primarily of aluminum, steel, or
synthetic components, opening assemblies made of wood
components may also have poor thermal 1nsulating charac-
teristics. Unfortunately, using low-density foam insulators
for window and door assemblies made primarily of wood
components are often not an acceptable solution, since they
may not have the structural (tensile, compressive, or torsion)
strength and integrity that may be needed for wood window
or door assemblies. In addition, there are many situations 1n
which screws or nails are screwed or driven into components
of wood window and door assemblies to either athx the
assemblies to, for example, a building frame or to athx
something to the window and door assemblies. For example,
a wood frame for a window or door that supports the
window or door and that 1s placed along the perimeter of a
bulding opening 1s typically athxed to, for example, the
house envelope with nails or screws that are driven or
screwed 1nto the wood components of the frame. However,
conventional low-density insulating foams may not have
suflicient structural integrity to support nails or screws that
may be driven mto the components of wood window assem-
blies, particularly if these components are partly made of the

same low-density insulating foam used 1n aluminum, steel,
and synthetic window assemblies.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a perspective view ol an example frame
according to some embodiments.

FIG. 1B 1s a close-up view of view A of an insulating
member of the frame illustrated 1n FI1G. 1A and 1solated from
the other components of the frame.

FIG. 1C 1s a perspective view ol an example window
opening assembly according to some embodiments.

FIG. 1D 1s a close-up view of an end of a sash insulating,
member 1n view B of FIG. 1C.

FIG. 1E 1s a perspective view of another example window
opening assembly according to some embodiments.

FIG. 1F 1s a perspective view of an example door opening
assembly according to some embodiments.

FIG. 1G illustrates an example round sash structure
according to some embodiments.

FIG. 2A illustrates a cutaway view of a corner portion of
an opening assembly 1llustrated in FIG. 1C when the sash
structure of the opening assembly 1s 1 the closed position
according to some embodiments.

FIG. 2B 1s a cross-sectional view of a portion of the
opening assembly illustrated 1n FIGS. 1C and 2A according
to some embodiments.

FIG. 3A 1llustrates an example high-density polyurethane
block according to some embodiments.

FIG. 3B illustrates a high-density polyurethane core that
was produced after the high-density polyurethane block of
FIG. 3A 1s milled according to some embodiments.

FIG. 3C 1llustrates four wood components aflixed to four
longitudinal sides of the high-density polyurethane core of
FIG. 3B according to some embodiments.

FIG. 3D illustrate representations of insulating members
and an insulating glass umt (IGU) that when assembled,
forms a sash structure according to some embodiments.
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DETAILED DESCRIPTION

In the present description, certain specific details are set
torth 1n order to provide a thorough understanding of various
embodiments of the disclosure. However, upon reviewing
this disclosure, one skilled 1n the art will understand that the
vartous embodiments disclosed herein may be practiced
without many of these details. In other instances, some
well-known structures and materials of construction have
not been described 1n detail to avoid unnecessarily obscuring,
the descriptions of the embodiments of the disclosure.

In the present disclosure, to the extent the terms “about,”
“approximately,” and “substantially” are used, they mean(
20% of the indicated range, value, or structure unless
otherwise indicated. In the present description, the terms “a”
and “an” as used herein refer to “one or more” of the
enumerated components. The use of the alternative (e.g.,
“or”’) should be understood to mean either one, both, or any
combination thereof of the alternatives. As used herein, the
terms “include” and “comprise” are used synonymously, the
terms and variants of which are intended to be construed as
non-limiting. The definitions in this paragraph are intended
to apply throughout this disclosure unless otherwise
expressly stated.

Throughout various portions of the following description,
the embodiments of the present disclosure are described in
the context of application to specific examples as presented.
However, these examples are not intended to be limited
unless otherwise expressly stated. As will be understood by
one skilled 1n the art after reviewing this disclosure, various
embodiments of the present disclosure may have a wide
variety of applications in other contexts and fields.

The drawings submitted herewith include example nfor-
mation depicted for illustrative purposes and are not
intended to be limiting unless otherwise indicated.

According to various embodiments of the present disclo-
sure, window and door assemblies (hereinafter window or
door opening assemblies or simply “opening assemblies™) of
building openings are disclosed herein that include one or
more insulating members with high-density insulating cores
having high structural strength, integrity, and excellent 1nsu-
lating properties. For these embodiments, an opening assem-
bly may include a door or window, which will be referred to
herein as a ‘“sash structure,” and a frame, which 1s the
supporting structure that supports, for example, the sash
structure (e.g., a door or a window), and that 1s designed to
be aflixed along the perimeter of a building opening. As one
of ordinary skill in the art will recognize, the sash structure
may be attached to the frame by various means including,
for example, hinges, hardware, screws, and so forth.

According to various embodiments, the sash structure and
the frame of an opening assembly may each include one or
more “mnsulating members” with high-density insulating
cores that are at least partially encased 1n one or more wood
components. In some cases, an insulating member may be an
clongated wood member with a high-density (HD) insulat-
ing core that 1s at least partially covered longitudinally by
one or more wood components and that may extend longi-
tudinally from one end to the opposite end of the insulating
member. That 1s, typically in both the sash structures (e.g.,
windows and doors) and the frames of opening assemblies
for wood windows and doors, there may be one or more
clongated wood members such as mullions, bottom and top
rails, jambs, stiles, sills, heads, and so forth that are com-
monly situated along the perimeters (e.g., just inside the
perimeters) of the sash structures and frames. According to
various embodiments, at least some of these elongated wood
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members may include the HD insulating cores to form the
insulating members. In various embodiments, one or more
of these insulating members may be incorporated into the
sash structure and/or frame of a door or window opening
assembly and that may encircle one or more glass panes of
the door or window opening assembly.

The HD insulating core that may be incorporated into one
or more wood members to form one or more “insulating”
wood members of opening assemblies according to various
embodiments may be an HD polyurethane core with a
uniform density that in some cases does not deviate by
greater than ten percent throughout the core. For example, 1n
some cases, the HD polyurethane core may be an HD
microcellular polyurethane foam with a highly uniform
cellular structure such as the FR-4600 series of foam pro-
duced by General Plastics Manufacturing Company of
Tacoma, Washington.

In order to produce an insulating member with a uni-
formly dense HD polyurethane core, the HD polyurethane
core may be cured and set prior to being incorporated into
wood members of window and door opening assemblies.
Conversely, when low-density insulating foam such as poly-
styrene and conventional polyurethane foams are employed
in window and door assemblies to act as insulators, these
foams are often poured or injected into the voids and
crevices ol components of such assemblies and then cured
within the voids and crevices of the components of the
window and door assemblies. Unfortunately, the cured low-
density insulating foam produced by this approach will
result 1n the formation of an uneven and low-density 1nsu-
lating foam. As a result, the cured insulating foam will have
relatively low structural integrity and strength, which may
not be acceptable for use 1 wood components of wood
window and door structures since such nsulating foam will
need to have suflicient structural integrity to meet fenestra-
tion requirements.

One conventional solution to using low-density insula-
tors, such as low-density polystyrene or polyurethane that
does not have good structural integrity, 1s to use the low-
density insulator in combination with another substance
having high density and high structural integrity. For
example, using a combination of a layer of low-density
insulator (e.g., low-density polyurethane or polystyrene)
with a layer of high-density, high-structural integrity mate-
rial (e.g., PVC, high-density polystyrene, high-density poly-
urethane) may not provide an adequate solution since the
transition between the low-density and high-density mate-
rials may form a transition boundary where the structural
integrity may be compromised (e.g., a weak point). Further,
because opening assemblies (e.g., windows and doors and
their frames) are typically installed by homebuilders/con-
tractors into building openings, the installers may not know
where either the high-density material or the low-density
insulating foam starts and ends within the enclosed opening
assembly when they are imstalling the opening assembly.
This 1s a problem particularly for wood window and door
frames since builders/contractors install the window and
door opening assemblies by screwing or driving a screw or
nail into different parts of the opening assembly using
different si1ze screws and nails, depending on the application.
If the proper sized screw or nail 1s not used 1n a proper way
during installation of a window or door opening assembly
having different layers of both high and low-density mate-
rial/insulators, the installation of the opening assembly
could fail. That 1s, using layers of different materials with
different densities, at best, makes the installation of wood
windows and doors more dithicult and dangerous.
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According to various embodiments, to address these
1ssues, highly and uniformly dense polyurethane cores with
high 1nsulating properties are employed in opening assem-
blies. To produce insulating polyurethane cores with high
and uniform densities 1 some embodiments, high-density
(HD) 1insulating polyurethane cores may be formed and
cured prior to being at least partially encased 1in, for
example, wood components. In some embodiments, and
contrary to some conventional approaches, the HD insulat-
ing polyurethane cores may not be mated or aflixed to a
low-density insulating foam, such as low-density polysty-
rene or polyurethane foam (e.g., a low-density polyurethane
foam that has a density less than the HD polyurethane cores
such as a polyurethane foam having a density of less than 10
pounds per cubic foot) since the mating of an HD insulating
polyurethane core to a low-density insulating foam may
create a structural weak point.

In various embodiments, an HD polyurethane core may
be at least partially encased by one or more wood compo-

nents on at least two opposing sides of the HD polyurethane
core to form an 1nsulating member. For example, 11 the HD
polyurethane core has an elongated, cuboid shape with four
longitudinal sides and two opposing end sides that are
transversely situated relative to the four longitudinal sides,
then one or more wood components may cover three or all
tour longitudinal sides of the elongated, cuboid-shaped, HD
polyurethane core to form an 1nsulating member. As a result,
at least opposing longitudinal sides of the elongated cuboid-
shaped HD polyurethane core may be encased by the one or
more wood components. Note that 1n other embodiments,
the HD polyurethane core may have other types of shapes
(c.g., a curved or arched shape) other than an elongated
cuboid shape as will be further described herein.

In various embodiments, one or more msulating members,
cach with an HD insulating polyurethane core, may be
situated along the perimeter of a frame. For example, a
frame for a rectangular door may have a rectangular shape
that frames the outline of the rectangular door. As a result,
the one or more HD insulating cores of the one or more
insulating members that are situated along the perimeter of
the rectangular frame will form a rectangular HD insulating,
polyurethane core that may encircle the sash structure (e.g.,
window or door) that the frame may support.

In various embodiments, four linear or straight elongated
insulating members with HD insulating cores may be placed
on the four sides of the rectangular-shaped frame as will be
illustrated herein. In still other cases, two L-shaped insulat-
ing members may be used to form the rectangular-shaped
frame. Similar strategies using one or more elongated 1nsu-
lating members with high-density insulating cores (e.g.,
using a single elongated 1nsulating member, using multiple
straight elongated 1nsulating members, and so forth) may be
used for mmproving the insulating properties of a sash
structure (e.g., the window or door portion of an opening
assembly). Note that for purposes of this description the
term “insulating member” or “insulating members” may be
in reference to a member or members that may have a
variety of shape types 1n addition to the elongated shapes
illustrated 1n the figures. For example, 1n alternative embodi-
ments, an msulating member with a high-density mnsulating
core may have a variety ol non-elongated shapes such as
cube, torus, triangular prism, and so forth.

In various embodiments, the high-density (HD) polyure-
thane core of each of the one or more 1nsulating members of
a window or door opening assembly may have a uniform
density of polyurethane that does not deviate by greater than
ten percent in density throughout the core as described
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above. In one embodiment, the HD polyurethane core of
cach of the one or more insulating members may have a
density of 10 to 50 pounds per cubic foot. In another
embodiment, the HD polyurethane core of each of the one
or more 1nsulating members may have a density of 20 to 30
pounds per cubic foot. In yet another embodiment, the HD
polyurethane core of each of the one or more insulating
members may have an average density of 25 pounds per
cubic foot.

In various embodiments, the HD polyurethane core may
be made of microcellular polyurethane foam having a highly
dense umiform structure with gas bubbles that are less than
50 microns 1n size.

In some embodiments, the HD polyurethane core of one
or more 1nsulating members of a window or door opening
assembly may have a compressive strength of 300 to 5000
pounds per square inch (psi1), a tensile strength of 260 to
4000 ps1, a flexural strength of 380 to 6000 psi, and
coellicient of thermal expansion (CTE) of 29x10-6/K. In
various embodiments, the HD polyurethane cores that may
be employed may have, 1n addition to high structural integ-
rity, high insulating properties such as, for example, having
an R-value of between 1.0 and 7.5 for one-inch thickness. In
some embodiments, the HD polyurethane cores may have an
R-value of between 2.00 and 4.40 for one-inch thickness. In
some embodiments, the HD polyurethane cores may have an
R-value of approximately 2.42 for one-inch thickness.

Retferring to FIG. 1A, which 1s a perspective view of an
example window frame (hereinafter simply “frame 10a”)
according to various embodiments. For these embodiments,
frame 10a may be afhxed to a perimeter of a window
opening for a building, such as a residential home or
commercial building, and may be part of a window opening
assembly (see, for example, opening assembly 100q of FIG.
1C). The frame 10q includes four insulating members 124,
14a, 16a, and 18a that are elongated components and that
may be athxed to each other, via adhesive or glue or by other
means, 1n a manner that forms a rectangular frame. In
various embodiments, each insulating member 12a, 14a,
16a, and 18q includes an HD 1nsulating core and three wood
components that are athxed to three sides of the HD 1nsu-
lating core. For example, the insulating member 124 that 1s
disposed at the top of the rectangular frame 10a 1includes an
HD 1nsulating core 20a with an elongated cuboid shape, a
first wood component 22a, a second wood component 24a,
and a third wood component 26a (which 1s a thin profile
wood component atlixed to the underside of the HD 1nsu-
lating core 20a 1n FIG. 1A). In this embodiment, the first
wood component 22a, the second wood component 24a, and
the third wood component 26a are on three of four longi-
tudinal sides of the HD insulating core 20a. In FIG. 1A, only
one of the longitudinal sides, longitudinal side 21 that 1s not
covered by a wood component, 1s visible. Longitudinal side
21 defines a portion of an outer surface for frame 10a. The
HD 1insulating cores for each of the other three insulating
members 14a, 16a, and 18a may also have an elongated
cuboid shape, where one of the four longitudinal sides of
cach of the HD insulating cores for each of the other three
insulating members 14a, 16a, and 18a may be at least a
portion of an outer surface for the frame 10q. In various
embodiments, the outer surface for the frame 10a may be
allixed to the perimeter of a window opening for a building,
such as being athixed to a house frame by screw or nail, or
by other means as illustrated 1n FIG. 2B.

In various embodiments, the HD insulating core of each
of the isulating members 12a, 14a, 16a, and 18a may
extend longitudinally from one end side to the opposite end
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side of the insulating members 12a, 14a, 16a, and 18a. For
example, i FIG. 1A, the HD 1nsulating core 20a of insu-
lating member 12¢ may extend from end side 23 of the
insulating member 12a to the opposite end side 25 of the
insulating member 12a. Each insulating member 12a, 144,
16a, and 18a may be aflixed to two of the other insulating
members 12a, 14a, 16a, and 18a. In the implementation
illustrated 1n FIG. 1A, each insulating member 12a, 14a,
16a, and 18a 1s straight and aflixed at right angles to two of
the other insulating members 12a, 14a, 16a, and 18a. In
alternative embodiments, each of the insulating members
12a, 14a, 164, and 18a may be attached to two of the other
insulating members 12a, 14a, 16a, and 18a at different
angles when the window, for example, has a trapezoid or
some other shape type. Because the HD insulating core of
cach of the msulating members 12a, 14a, 16a, and 18a may
extend longitudinally from one end to the opposite end of the
insulating members 12a, 14a, 16a, and 18a, the HD 1nsu-
lating cores of the insulating members 12a, 14a, 16a, and
18a, in combination, may form a rectangular HD 1nsulating
core along the perimeter of the frame 10a, optimizing the
msulating properties of the frame 10a.

In some embodiments, a portion of the insulating mem-
bers 12a, 14a, 16a, and 18a may be replaced by wood
members or other types of members without the HD 1nsu-
lating core described above.

FIG. 1B shows a close-up view A of the insulating
member 14a of FIG. 1A 1solated from the other components
of frame 10a. As illustrated, insulating member 14q includes
an HD 1nsulating core 206 and three wood components (e.g.,
a first wood component 225, a second wood component 245,
and a third wood component 265) that extend the longitu-
dinal length of the insulating member 14a and that are
alhixed to three of the four longitudinal sides of the HD
insulating core 20b. Note that the third wood component
26D, as 1llustrated, may be a thin profile wood component,
such as a wood veneer, that mirrors the third wood compo-
nent 26a of the insulating member 12a of FIG. 1A. Various
means may be employed to aflix the first wood component
22b, the second wood component 245, and the third wood
component 265 to the HD insulating core 205, including, for
example, using an adhesive such as a glue, or other means.
Note that when the four mnsulating members 12a, 14a, 16aq,
and 18a 1 FIG. 1A are assembled to form the rectangular

frame 10a, only portions of the thin wood component (e.g.,
the third wood component 264 of the insulating member 124
of FIG. 1A and the third wood component 265 of the
insulating member 14a of FIG. 1B) on the interior side of
cach msulating member 12a, 14a, 164, and 18a prevents the
HD 1nsulating cores of the four insulating members 12a,
14a, 16a, and 18a from forming a complete/continuous
rectangular HD insulating core frame without any gaps or
breaks. For example, in FIG. 1B, the reference line for
reference number 265 touches a portion of the third wood
component 265 that will be positioned between the HD
insulating core 205 of insulating member 14a and the HD
insulating core (not illustrated) of nsulating member 16a
when the end of the insulating member 164 1s atlixed to the
insulating member 14a. As a result, the HD insulating core
of isulating member 16a i1s not in direct contact with the
HD 1nsulating core 205 of insulating member 16a. However,
in alternative embodiments, those portions of the thin wood
components on the interior sides of each of the insulating
members 12a, 14a, 16a, and 18a may be removed or omitted
so that an HD insulating core frame formed by the HD
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insulating cores of the insulating members 12a, 14a, 164,
and 18a 1s a continuous HD 1nsulating core frame without
any gaps.

Although FIG. 1B shows the first wood component 225,
the second wood component 245, and the third wood com-
ponent 265 as being separate components that are separately
or individually aflixed to the HD insulating core 206, 1n
alternative embodiments, the first wood component 225, the
second wood component 245, and the third wood compo-
nent 266 may be a single umitary component. In still other
embodiments, only two of the three wood components (e.g.,
the first wood component 225, the second wood component
24b, and the third wood component 265) may be a unitary
component.

FIG. 1C 1s a perspective view ol an example window
opening assembly according to various embodiments. For
these embodiments, the window opening assembly (herein-
alter simply “opening assembly 100a”") includes the frame
104 1llustrated 1n FIG. 1A, and a sash structure 30q that 1s
supported by the frame 10q. In this embodiment, the sash
structure 30aq 1s essentially the window portion of the
opening assembly 100aq that opens via, for example, two
hinges 39 by swinging away from the frame 10a. Note that
conventionally the opening assembly 100aq 1s sometimes
referred to as a casement window.

As 1llustrated 1in FIG. 1C, the sash structure 30q includes
four sash 1insulating members 32a, 34a, 364, and 384 that are
disposed along the perimeter of multiple glass panes 40a and
that act as a frame to hold glass panes 40a that 1n some cases
may be part of an insulating glass unit (IGU). Note that in
alternative embodiments, only a single glass pane 40a may
be framed by the sash insulating members 32a, 34a, 36aq,
and 38a. The sash insulating members 32a, 34a, 36a, and
38a may each include an HD insulating core having the
same or similar characteristics as the HD insulating cores
(e.g., HD polyurethane cores) included in the insulating
members 12a, 14a, 16a, and 18a of frame 10qa. In alternative
embodiments, however, one or more of the sash insulating
members 32a, 34a, 36a, and 38a may be replaced by wood
members or other types ol members without the above-
described HD insulating core.

Reterring to FIG. 1D, which shows a close-up view of one
of the ends of sash insulating member 34a 1n view B of FIG.
1C. Sash insulating member 34q includes an HD 1nsulating
core 50a, and wood components 52a, 54a, 56a, and 38a. As
illustrated in FIGS. 1C and 1D, sash msulating member 34a
has an elongated cuboid shape with four longitudinal sides
and two end sides that are opposite from each other. The HD
insulating core 30q extends longitudinally from one end of
the sash msulating member 34a to the other end of the sash
insulating member 34a. Each of the other sash insulating
members 32a, 36a, and 38a may also have an HD 1nsulating
core that extends the entire longitudinal lengths of the sash
insulating members 324, 36a, and 38a. Thus, when the sash
insulating members 32a, 34a, 36a, and 38a are arranged as
an outline of a rectangular shape, such as in FIG. 1C, the HD
insulating cores (e.g., high-density polyurethane cores) of
the sash insulating members 32a, 34a, 36a, and 38a, n
combination, form a rectangular HD 1insulating core sub-
stantially encircling, with mimimal gaps or disruptions, the
perimeter of the glass pane(s) 40a, ensuring that the overall
thermal 1nsulating properties of the sash structure 30a as
well as the opening assembly 1004, 1s optimized. Thus, once
the window sash structure 30q 1s 1n the closed position, the
HD 1nsulating cores of the sash insulating members 32a,
34a, 36a, and 38a and the HD isulating cores of the
insulating members 12a, 14a, 164, and 18a of the frame 10a,
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form two complementary rectangular HD insulating core
frames that when the mnsulating glass unit (IGU) or the glass
pane(s) 1s 1nstalled 1n the sash assembly, encircles the glass
pane or panes 40a. For example, the rectangular insulating
core frame formed by the HD insulating cores of the sash
insulating members 32a, 34a, 36a, and 38a of the sash
structure 30a which encircles the glass pane(s) 40a may be
smaller (e.g., smaller 1n terms of width and length) than the
rectangular insulating core frame formed by the HD insu-
lating cores of the insulating members 12a, 14a, 164, and
18a of the frame 10a. These two rectangular insulating core
frames may be wider and longer than the glass pane(s) 40a
and may complement each other to significantly reduce
thermal transier along the perimeter of the glass pane(s) 40a
when the sash structure 30a 1s closed.

Note that unlike the 1nsulating members 12a, 14a, 164,
and 18a of the frame 10q, there may be wood components
on all four longitudinal sides of the cuboid-shaped HD
insulating cores of each of the sash insulating members 32a,
34a, 36a, and 38a. For example, 1n FIG. 1D there are four
wood components 52a, 54a, 56a, and 58a on each of the
longitudinal sides of the cuboid-shaped HD insulating core
50a of sash imsulating member 34aq of FIG. 1C. In some
alternative embodiments, one or more of the sash msulating
members 32a, 34a, 36a, and 38a with the HD 1insulating
cores may be replaced with wood or other types of members
without the HD nsulating core described above.

As will be further described and 1llustrated herein, the HD
insulating cores described above may be incorporated into
various components of a variety of window and door open-
ing assemblies to improve the thermal mnsulating properties
of the window and door opening assemblies. That 1s, 1n
various embodiments, the msulating members that incorpo-
rate the HD insulating core may have a variety of form
factors and may be incorporated into various types of
window and door structures. For example, FIG. 1E illus-
trates an example of another window opening assembly
(herein simply “opening assembly 100¢””) that may incor-
porate the HD 1nsulating cores (e.g., high-density polyure-
thane cores) described above. The opening assembly 100e
includes a frame 10e that 1s comprised of four insulating
members 12¢, 14e, 16e, and 18e, similar to the frame 10a of
FIGS. 1A and 1C, and two sash structures 304 and 30e (e.g.,
two windows), each sash structure 304 and 30e having a set
of one or more glass panes 404 and 40e, respectively, that
are framed or bordered by four sash insulating members.

Each sash structure 304 and 30e represents the window
portions of the window opening assembly 100e. Note that
the right half of the sash structure 304 1s behind sash
structure 30e. Sash structure 30e is a stationary window that
does not open or move, while sash structure 304 i1s an
operable window that can slide laterally. Each sash structure
304 and 30¢ includes four sash isulating members that form
the frames of the sash structures 304 and 30e, similar to the
sash structure 30a (which has sash insulating members 32a,
34a, 36a, and 38a) of FIG. 1C. For example, sash structure
30e includes sash insulating members 32¢, 34e, 36¢, and 38¢
that may incorporate the HD insulating core described
above. Further, the HD nsulating cores of sash insulating
members 32¢, 34e, 36¢, and 38¢ may longitudinally extend
the entire lengths of the sash insulating members 32e, 34e,
36¢, and 38e. In some embodiments, one or more of the sash
insulating members 32e, 34e, 36¢, and 38¢ may be replaced
by one or more wood or other types of members without the
HD insulating core described above. For example, they may
be substituted with one or more 1sulating members having,
a polystyrene or polyisocyanurate core.
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Similarly, the four sash insulating members of sash struc-
ture 304 (three of the four sash insulating members are
visible 1n FIG. 1E) may also incorporate the HD 1nsulating
cores. In various embodiments, each sash structure 304 and
30e mcludes a set of one or more glass panes 404 and 40e
(e.g., a set of one or more glass panes 404 and a set of one
or more glass panes 40¢) that are framed or held by the sash
insulating members of the sash structure 304 and 30e (e.g.,
sash 1nsulating members 32e, 34e, 36¢, and 38e of sash
structure 30e 1n FIG. 1E). In some embodiments, each set of
one or more glass panes 404 and 40e may be part of an IGU.

Retferring now to FIG. 1F, which 1llustrates an example
door opening assembly that may incorporate one or more
HD 1nsulating cores according to various embodiments.
Similar to the window opening assembly 100a of FIG. 1C,
the door opening assembly (heremafter simply “opening
assembly 100/”) includes a frame 10/ and a sash structure
30/ (e.g., a door that 1s attached to the frame 10f by hinges

39). The frame 10f and the sash structure 30f may each
include four insulating members that may each include an

HD insulating core, similar to the insulating members with
the HD 1nsulating core described above with respect to the
frame 10a and the sash structure 30a of FIG. 1C. For

example, and as 1llustrated in FIG. 1F, the frame 10/ 1includes
four elongated insulating members 12/, 14/, 16/, and 18/ that
may 1incorporate an HD polyurethane core as described
above.

Similarly, the sash structure 30/ may include four sash
insulating members 32/, 34/, 36/, and 38/ (with the HD
polyurethane core) that frame or hold a set of one or more
glass panes 40/. In some embodiments, the set of one or
more glass panes 40f may include multiple glass panes and
may be part of an insulating glass umt (IGU).

The incorporation of the HD polyurethane cores in the
clongated components of both window and door opening

assemblies, such as the sash insulating members 327, 347,
36/, and 38f of the sash structure 30/ and the insulating

members 127, 14f, 16/, and 18f of the frame 10f for the door
opening assembly 100/ of FIG. 1F, ensures that thermal
loss/transfer through peripheral portions of window and
door opeming assemblies may be greatly minimized 1n
various embodiments. Further, because of the high strength
and the uniformity of the HD polyurethane cores, the
inclusion of such insulating cores i window and door
opening assemblies does not interfere or hinder, for
example, the successiul 1nstallation of the window and door
opening assemblies 1 bulding openings even when the
window or door nstallers (e.g., home builders) are using
different sized nails or screws 1n diflerent ways.

FIG. 2A 1s a cutaway view ol a cormer portion of the
opening assembly 100a of FIG. 1C 1n accordance with
vartous embodiments. In particular, FIG. 2A illustrates a
cutaway view ol a corner portion of the opening assembly
100a when the sash structure 30a (e.g., window) 1s 1n the
closed or shut position. In FIG. 2A, one of the corners of the
sash structure 30a, which 1s comprised of sash insulating
members 34a and 38a, 1s positioned flush against a side of
one of the comers of the frame 10aq, which 1s comprised of
insulating members 14a and 18a. The sash structure 30q
includes a pair of glass panes 40q that may be part of an
insulated glass unit (IGU). In an IGU, a gas, such as a noble
gas or air, may be trapped 1n the gap between the two glass
panes 40a. The gap may be sealed by the two glass panes
40a and an edge sealing member 60f that are disposed
between the two glass panes 40a just inside the outer
perimeters of the two glass panes 40a. In various embodi-
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ments, the edge sealing member 60/ may be comprised of
components such as spacers, desiccant, sealant, and so forth.

Incorporated 1nto each of the msulating members 14a and
18a of frame 10a 1n FIG. 2A are HD 1nsulating cores 205
and 20c¢, respectively. Similarly incorporated into each sash
insulating members 34a and 38a of sash structure 30a are

HD insulating cores 50a and 5054, respectively. Each of these
HD 1nsulating cores 2056, 20¢, 50a, and 5056 extends the
entire longitudinal lengths of their respective insulating
member. Because all the HD insulating cores of all the
insulating members of both the frame 10a and the sash
structure 30a may extend the entire longitudinal length of
their respective insulating member, the four HD 1nsulating,
cores of the frame 10a and the four HD insulating cores of
the sash structure 30a may form two sets of insulating cores
that encircle the perimeter of the glass panes 40a (note that
although two glass panes 40a are illustrated 1n FIG. 2A, 1n
alternative embodiments, the two sets of insulating cores
may encircle the perimeter of a single glass pane or three or
more glass panes). As a result, the two rectangular insulating,
core configurations formed by the two sets of HD insulating
cores of the frame 10aq and the sash structure 30a may
complementarily reduce the thermal heat transfer through
the opening assembly 100aq. That 1s, the rectangular 1nsu-
lating core configuration formed by the four HD insulating
cores of the frame 10aq 1s slightly bigger than the rectangular
insulating core configuration formed by the four HD 1nsu-
lating cores of the sash structure 30a of the opening assem-
bly 100a of FIG. 1C. As a result, the two rectangular core
configurations that are formed may complement each other
in 1improving the msulating properties around the perimeter
of the glass pane(s) 40a.

FIG. 2B 1s a cross-sectional view of a portion of the
opening assembly 100a of FIGS. 1C and 2A according to
some embodiments. In particular, FIG. 2B illustrates a
cross-sectional view of the insulating member 144, the sash
insulating member 38a, and the glass panes 40q 1llustrated
in FIG. 2A when the sash structure 30a (e.g., window) 1s 1n
the closed position. The two glass panes 40a, which along
with the edge sealing member 60f may make up an IGU,
may be held in the sash structure 30a by stick 61¢ on one
side, and a stop 63g on the opposite side. In various
embodiments, the stick 61g and the stop 63g may be made
of wood or other materials. In some embodiments, the stick
61g and the wood component 54g of the sash insulating
member 38a may be a unitary piece/member. Note that
although two glass panes 40q are illustrated 1n FIGS. 2A and
2B, 1n alternative embodiments, fewer or more glass panes
40a may be held by the sash structure 20a.

The sash msulating member 384, as 1llustrated in FIG. 2B,
may include the HD insulating core 505, and wood compo-
nents 52¢g, 54¢g, 56¢, and 38¢ situated on all four longitudinal
sides of the elongated cuboid-shaped HD insulating core
50b6. As further 1llustrated 1n FIG. 2B, the opening assembly
100a may further include weatherstrips 70g and 72g.

The nsulating member 144 includes a high-density (HD)
insulating core 206 and wood components 22g, 24¢g, and 26g
that are situated on three of the four longitudinal sides of the
clongated cuboid-shaped HD insulating core 205. As further
illustrated 1n FIG. 2B, the insulating member 14a may be
allixed to a house frame 66g by screws 62g and 64¢g. Note
that screw 62g penetrates and 1s partly secured to HD
insulating core 20b. Because the HD insulating core 2056 1s
made of high-density polyurethane foam with substantially
uniform density, the screw 62g i1s securely fastened to the
insulating member 14a.
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Note that although only screws 62g and 64g are illustrated
as being vertically screwed into the insulating member 14a
to attach the msulating member 14a of the frame 10a to the
house frame 66¢g, other screws or nails may be horizontally
screwed 1nto the HD insulating core 205 of the insulating
member 14a or the HD insulating core 506 of the sash
insulating member 38a to atlix other components such as,
for example, an extrusion to the msulating member 14a or
to the sash insulating member 38a. To facilitate this, in
various embodiments, both the HD insulating core 206 and
the HD 1insulating core 505 may be comprised of highly
uniform and dense polyurethane foam.

The use of an HD msulating core 506 that comprises
polyurethane foam with high and uniform density 1n the sash
insulating member 38a also provides certain benefits. For
example, there may be times when nails or screws may be
iserted horizontally into the HD insulating core 5056. The
uniform structural integrity of the HD insulating core 5056
may ensure that the nails or screws do not easily dislodge
regardless of the angle at which such nails or screws are
driven or screwed into the HD insulating core 505.

FIG. 1G illustrates an example round window assembly
that may incorporate the HD insulating core technology
described above according to some embodiments. In par-
ticular, the round window assembly 70g (hereinafter simply
“window assembly 70¢”) in FIG. 1G may be directly athixed
into a window opening of a building and may incorporate
one or more HD insulating cores (e.g., uniform HD poly-
urethane cores) along the perimeter of the window assembly
70g. For the embodiments, the window for the window
assembly 70g may be fixed and may not open. The window
assembly 70g may include a set of one or more glass panes
40g and a frame 10g. In some cases, the one or more glass
panes 40g (and an edge sealing member that 1s not illus-
trated) may form an IGU. In various embodiments, the
frame 10g may incorporate one or more HD insulating cores
that are at least partially encased by one or more wood
components. For example, 1n some embodiments, the frame
10g may comprise a single continuous ringed shaped HD
insulating core that 1s at least partially encased by wood. In
alternative embodiments, however, the frame 10g may com-
prise multiple imsulating members, each insulating member
incorporating an HD insulating core that 1s at least partially
encased by wood.

Although the above-described window and door assem-
blies were 1llustrated and described as having rectangular or
round shapes, those of ordinary skill 1n the art will recognize
that the above-described HD 1nsulating core technology may
be incorporated into assemblies of windows or doors having
other shape types. For example, 1n various embodiments, the
above-described HD insulating core technology may be
incorporated into the assemblies of windows having other
form factors (other than the rectangular and circular shapes
described and illustrated above) including, for example,
triangular, hexagonal, oval, pentagonal, octagonal, square,
trapezoid, cathedral, radiused (curved top), cambered, and
so forth.

FIGS. 3A to 3D illustrate different stages or results of
different stages of a method for constructing an opening
assembly (e.g., opening assembly 100aq of FIG. 1C) for a
building opening according to various embodiments. Note
that FIGS. 3A to 3C relate to the formation of an nsulating
member for a frame or a sash structure. Referring particu-
larly now to FIG. 3A, which 1llustrates a high-density (HD)
polyurethane block 302, which may be provided for forming
an HD insulating core for incorporation mnto an insulating
member according to some embodiments. The HD polyure-
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thane block 302, 1n various embodiments, may be a cured
polyurethane block having a uniform density that does not
deviate in density by greater than ten percent throughout the
block. In some embodiments, the HD polyurethane block
302 may have a density of 20 to 30 pounds per cubic foot,
while 1in other embodiments the HD polyurethane block 302
may have an average density of 25 pounds per cubic foot. In

some embodiments, the polyurethane foam of HD polyure-
thane block 302 may have an R-value of between 1.00 and
7.50 for one-inch thickness. In some embodiments, the
polyurethane foam of HD polyurethane block 302 may have
an R-value between 2.00 and 4.40 for one-inch thickness. In
some 1nstances, the HD polyurethane block 302 may have an
R-value of approximately 2.42 for one-inch thickness. In
some embodiments, the HD polyurethane block 302 may be
a microcellular polyurethane foam having gas bubbles less
than 50 microns 1n size.

Although block 302 1s 1llustrated 1n FIG. 3A as having an
clongated shape, 1n alternative embodiments, block 302 may
have other types of shapes.

In various embodiments, the HD polyurethane block 302
of FIG. 3A may be milled and shaped to form an HD
polyurethane core 304 as illustrated 1n FIG. 3B. The result-
ing HD polyurethane core 304 may be used for inclusion 1n
an 1nsulating member that may be incorporated into the
frame or the sash structure of the opening assembly. In some
embodiments, the HD polyurethane core 304 may have an
clongated shape with four elongated longitudinal sides, and
two opposite end sides that are situated transversely (e.g.,
orthogonally) with respect to the four longitudinal sides. For
example, 1n some embodiments, the HD polyurethane core
304 may have an elongated cuboid shape as illustrated 1n
FIG. 3B. In alternative embodiments, the HD polyurethane
core 304 that 1s produced by the milling process may have
other form factors such as a curved elongated shape with
four elongated longitudinal sides, and two opposite end
sides that are situated transversely with respect to the four
longitudinal sides similar to the cuboid-shaped HD polyure-
thane core 304 1llustrated 1n FIG. 3B except the elongated
shape being curved.

Next, one or more wood components may be athxed to
multiple sides of the HD polyurethane core 304 as 1llustrated
in FIG. 3C to form an insulating member 310 for incorpo-
ration into the frame or the sash structure of an opening
assembly. FIG. 3C shows wood covering all four longitu-
dinal sides of the elongated cuboid-shaped HD polyurethane
core 304. That 1s, four wood components 306a, 30656, 306¢,
and 3064 may be aflixed to the four longitudinal sides of the
HD polyurethane core 304 by, for example, an adhesive or
other means.

In alternative embodiments, three or fewer of the four
longitudinal sides of the HD polyurethane core 304 may be
covered by wood (e.g., wood component 306¢ 1s absent).
For example, 1if the insulating member 310 1s to be an
insulating member for a frame, then only three of the four
longitudinal sides of the HD polyurethane core 304 may be
athxed with wood (e.g., wood components 306a, 3065, and
3064d), such was the case for insulating member 144 i FIG.
1B for frame 10a of FIG. 1A. However, if the insulating
member 310 1s to be a sash insulating member (e.g., sash
insulating member 34aq of FIGS. 1C and 1D) for a sash
structure, then wood may be athixed to all four longitudinal
sides of the HD polyurethane core 304 as 1llustrated in FIG.
3C.

Note that although FIG. 3C shows four separate wood
components 306a, 30656, 306¢, and 3064 atlixed to the four

longitudinal sides of the HD polyurethane core 304, in
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alternative embodiments, fewer wood components may be
aihixed to the longitudinal sides of the HD polyurethane core
304. For example, 1n some embodiments, wood components
306a, 3065, and 3064 may be a single umitary piece, while
wood component 306¢ remains a separate component, so
that once the HD polyurethane core 304 1s mserted into the
crevice of the unitary piece, the wood component 306¢ may
be atlixed to the crevice opening ol the unitary piece to at
least partially encase the HD polyurethane core 304 1n wood.

If the insulating member 310 1s for a frame, then the
insulating member 310 along with three other similar 1nsu-
lating members may be atlixed to each other to form a frame,
such as the rectangular frame 10a of FIG. 1A. Note that
insulating member 310, as illustrated 1n FIG. 3C, 1s not
meant to be an accurate representation of an actual msulat-
ing member such as the mnsulating members 124, 14a, 164,
and 18a of FIGS. 1A and 1B. That 1s, for ease of illustration
and understanding, all of the wood components 306a, 3065,
306¢, and 3064, 1n FI1G. 3C are illustrated as having a flat
shape. However, 1 reality, they may have other shape
types—see, for example, the second wood component 2456
of FIG. 1B.

I1, on the other hand, the msulating member 310 1s a sash
insulating member for a sash structure (e.g., sash structure
30a of FIG. 1C), then 1in some embodiments, the insulating
member 310 along with three other similar insulating mem-
bers 312 and an insulating glass unit (IGU) 314 may be
assembled and atlixed to each other (e.g., via glue or other
adhesive) to form a sash structure, such as the sash structure
30a of FIG. 3D. Note that FIG. 3D illustrates representations
of the insulating members and an IGU that may form a sash
structure (e.g., sash structure 30aq of FIG. 1C) and 1s not
meant to be a true representation of these components.

Once the frame and the sash structure are finished, the
sash structure may be aflixed to the frame by various means
depending on the type of window or door opening assembly
being constructed. For example, 11 the opeming assembly
being constructed 1s for a casement type of window, then the
sash structure may be athxed to the frame with one or more
hinges. On the other hand, 1f the opening assembly being
constructed 1s for a sliding type of window opening assem-
bly, such as illustrated i FIG. 1E, then the sash structure
may need to be intricately installed on the window tracks/
rails of the frame. In other cases, if the above process was
used to form a frame for a fixed window that does not open,
such as the window assembly 70g illustrated in FIG. 1G,
then the frame that 1s formed along with the glass pane(s)
held by the frame (which may be part of an IGU) can be
directly aflixed to a building opening.

After reviewing the present disclosure, an individual of
ordinary skill in the art will immediately appreciate that
some details and features can be added, removed, and/or
changed without deviating from the spirit of the invention.
Retference throughout this specification to “one embodi-
ment,” “an embodiment,” “additional embodiment(s)” or
“some embodiments,” means that a particular feature, struc-
ture, or characteristic described i1n connection with the
embodiment(s) 1s imncluded 1n at least one or some embodi-
ment(s), but not necessarily all embodiments, such that the
references do not necessarily refer to the same
embodiment(s). Furthermore, the particular features, steps,
structures, or characteristics may be combined 1n any suit-
able manner 1n one or more embodiments. These and other
changes can be made to the embodiments 1n light of the
above-detailed description. In general, in the following
claims, the terms used should not be construed to limit the
claims to the specific embodiments disclosed 1n the speci-
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fication and the claims but should be construed to include all
possible embodiments along with the full scope of equiva-
lents to which such claims are entitled.

What 1s claimed 1s:

1. An opening assembly for a building opening, compris-
ng:

a frame having one or more 1nsulating members, each of
the one or more insulating members includes a high-
density insulating core, each high-density insulating
core having longitudinal sides and being at least par-
tially encased by one or more wood components on at
least two opposing longitudinal sides of the high-
density insulating core;

wherein the high-density insulating core of each of the
one or more insulating members 1s made of microcel-
lular polyurethane; and

wherein the high-density insulating core has a uniform
density of microcellular polyurethane foam that does
not deviate by greater than ten percent throughout the
high-density insulating core.

2. The opening assembly of claim 1, wherein the micro-
cellular polyurethane foam has gas bubbles that are less than
50 microns 1n size.

3. The opening assembly of claim 1, wherein the longi-
tudinal sides of the high-density insulating core do not mate
with a polyurethane insulation layer having a density less
than the microcellular polyurethane foam.

4. The opening assembly of claim 1, wherein the high-
density insulating core of each of the one or more nsulating
members has a rectangular cuboid shape with four longitu-
dinal sides and two opposite end sides that are transversely
situated relative to the four longitudinal sides, and one or
more wood components that are disposed on at least three of
the four longitudinal sides.

5. The opening assembly of claim 4, wherein the fourth of
the four longitudinal sides of the high-density insulating
core of each of the one or more msulating members 1s at least
a portion of an outer surface for the frame.

6. An opeming assembly for a building opening, compris-
ng:

a frame having one or more 1nsulating members, each of
the one or more insulating members includes a high-
density insulating core, each high-density insulating
core having longitudinal sides and being at least par-
tially encased by one or more wood components on at
least two opposing longitudinal sides of the high-
density insulating core;

wherein the high-density insulating core of each of the
one or more insulating members 1s made of microcel-
lular polyurethane; and

wherein the microcellular polyurethane foam has gas
bubbles that are less than 50 microns in size.

7. The opening assembly of claim 1, wherein the high-
density 1nsulating core of each of the one or more insulating
members has a density of 10 to 50 pounds per cubic foot.

8. The opening assembly of claim 1, wherein the high-
density insulating core of each of the one or more insulating
members has an R-value between 2.00 and 4.40 for one-inch
thickness.

9. The opening assembly of claim 1, wherein each high-
density insulating core of each of the one or more msulating
members has a density of 20 to 30 pounds per cubic foot.

10. The opening assembly of claim 1, wherein each
high-density insulating core of each of the one or more
insulating members has a compressive strength of 300 to
5000 pounds per square inch (ps1), a tensile strength of 260
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to 4000 psi, a flexural strength of 380 to 6000 psi, and
coellicient of thermal expansion (CTE) of 29x10-6/K.

11. The opening assembly of claim 1, wherein the one or
more insulating members include four 1nsulating members
and the frame having a rectangular shape, the four insulating
members placed along four sides of the frame, and the
high-density insulating core of each of the four insulating
members extending longitudinally from one end side to an
opposite end side of a respective insulating member of the
four insulating members.

12. The opeming assembly of claim 1, further comprising
a sash structure having one or more sash isulating mem-
bers, each of the one or more sash insulating members
includes a high-density insulating polyurethane core, each
high-density insulating polyurethane core being at least
partially encased by one or more wood components on
longitudinal sides of the high-density insulating polyure-
thane core.

13. The opening assembly of claim 12, wherein the
high-density insulating polyurethane core of each of the one
or more sash insulating members includes microcellular
polyurethane foam having gas bubbles that are less than 50
microns 1n size.

14. The opening assembly of claim 12, wherein the sash
structure has a rectangular shape with the one or more sash
insulating members arranged along four perimeter sides of
the sash structure.

15. The opening assembly of claim 12, wherein the
high-density insulating polyurethane core of each of the one
or more sash 1nsulating members has a density of 10 to 50
pounds per cubic foot.

16. The opening assembly of claim 12, wherein the
high-density insulating polyurethane core of each of the one
or more sash 1nsulating members has a density of 20 to 30
pounds per cubic foot.

17. The opening assembly of claim 12, wherein the
high-density insulating polyurethane core of each of the one
or more sash insulating members has a uniform density of
polyurethane that does not deviate by greater than ten
percent throughout the high-density msulating polyurethane
core.

18. The opening assembly of claim 12, wherein the
high-density insulating polyurethane core of each of the one
or more sash insulating members has a rectangular cuboid
shape with four longitudinal sides and two opposing end
sides that are situated transversely with respect to the four
longitudinal sides, and one or more wood components on the
four longitudinal sides of the high-density msulating poly-
urcethane core of each of the one or more sash insulating
members.

19. An opening assembly for a building opening, com-
prising;:

one or more glass panes; and

a frame having one or more 1sulating members, each of

the one or more insulating members includes a high-
density msulating core, the high-density msulating core
of each of the one or more msulating members having
longitudinal sides and being at least partially encased
by one or more wood components on at least two
opposing longitudinal sides of the high-density insu-
lating core;

wherein the high-density insulating core of each of the

one or more insulating members 1s made of microcel-
lular polyurethane foam;
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wherein the high-density insulating core of each of the
one or more 1msulating members extends longitudinally
from a first end side of each of the one or more
insulating members to a second end side of each of the
one or more 1nsulating members opposite from the first
end side;

wherein the one or more 1nsulating members are arranged
in a manner such that the high-density insulating core
of each of the one or more nsulating members, 1n
combination, form a rectangular high-density insulat-
ing core frame that 1s wider than the one or more glass
panes;

wherein the microcellular polyurethane foam has gas
bubbles that are less than 50 microns 1n size; and

wherein the high-density insulating core has a uniform
density of microcellular polyurethane foam that does
not deviate by greater than ten percent throughout the
high-density insulating core.
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20. A method for making an opening assembly, compris-

ng:

providing a cured high-density polyurethane block,
wherein the cured high-density polyurethane block 1s a
microcellular polyurethane foam:;

milling the cured high-density polyurethane block to form
a high-density polyurethane core, the high-density
polyurethane core having four longitudinal sides and
two opposing sides transversely situated relative to the
four longitudinal sides; and

alhixing at least three of the four longitudinal sides with
one or more wood components;

wherein the microcellular polyurethane foam has gas
bubbles that are less than 50 microns 1n size; and

wherein the high-density insulating core has a uniform
density of microcellular polyurethane foam that does
not deviate by greater than ten percent throughout the

high-density insulating core.
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